(1) Diagnosis.-Unequivocal evidence that the disease is typhus can bc obtained only by isolation and passage of the Rickettsiae in susceptible animals. In suspected cases of typhus blood shoiuld be removed and inoculated intraperitoneally into guinea-pigs and rats. When whole blood is employed it is rare to obtain Rickettsia after the seventh day. The blood should be allowed to clot in the refrigerator, the seruLm removed and the clot ground up in physiological saline; if injected intraperitoneally in doses of 2 to 5 c.c. a positive reaction can often be obtained during the whole febrile period and sometimes during convalescence. If the Rickettsiae of exanthematic typhus are present in the blood of the patient a febrile reaction about 40°C. (1040 F.) can be expected in the guineapig after an interval of abouLt seven to twvelve days: if the Rickettsive of murine or endemic typhus are present the guinea-pigs will exhibit an orchitis in addition to fever. In guineapigs infected with exanthematic typhus there are no macroscopic lesions post mortem, but histologically in the brain are to be seen small collections of round cells, not necessarilv related to the perivascuLlar spaces. In guinea-pigs infected with murine typhus the tunica vaginalis is highly inflamed. Rats inoculated intraperitoneally with blood containing murine typhus Rickettsiv show a febrile reaction and some degree of inflammation of the tunica vaginalis: when exanthematic typhus Rickettsix are present there is either no or only a transient febrile reaction in rats. In Mexico and China especially, strains of Rickettsixe have been isolated which appear to be intermediate between murine and exanthematic typhus since they cause only slight scrotal reactions in the guinea-pig.
Passage of exanthematic typhus in guinea-pigs is best carried out by intraperitoneal injection of 1 c.c. of equal parts of 10% suspensions of infected guinea-pig spleen and brain in physiological saline. The murine strain can also be passaged in series by intraperitoneal injection of scrapings of the tunica vaginalis in guinea-pigs or in rats by intraperitoneal injection of a 10% suspension of brain. Until recently it was thought that the " nodutles " found histologically in the brains of guinea-pigs were specific for typhus. Recently, however, Pinkerton and Henderson (1941) have described cases of toxoplasmosis in adults in which injection of the blood intraperitoneally into guinea-pigs caused a febrile reaction closely resembling that seen in experimental typhus and also small collections of round cells in the brain. Toxoplasms may be found in the exudate from the peritoneal cavity of the guinea-pigs. Human toxoplasmosis has not been described in this countrv although toxoplasms have been isolated from field voles (Microtits agrestis), ferrets, wombats at the Whipsnade Zoo and domestic rabbits.
The most commonly used test for typhus is the agglutination by the sera of typhus patients of the 0 strain of Proteuis X19. A positive agglutination reaction shouLld be obtained macroscopicallv by the end of the first week and often by the fourth or fifth day. Romero Escacena (1941), in an account of the typhus epidemic that occurred in Spain in the early months of 1941, mentions one case, however, in which the Weil-Felix reaction did not become positive till the nineteenth day of the disease, while in others the reaction was negative on the sixth, seventh or eighth day of illness, though subsequently it became positive. The reaction persists for some months after convalescence has been reached. The maximuLM titre against Proteius OX19 varies very much, not infrequently the serum may agglutinate the organism in a dilution of 1':5,000 to 1: 10,000, sometimes even up to 1:100,000. There is often a relationship between the maximum titre and the severity of the disease, the titres being highest when the disease is grave.
OX2, another variety of Proteiis, is agglutinated to a lower titre by typhus sera while with the OXK strain of Proteits which agglutinates with tsutsugamushi sera there is usually no agglutination or only a faint trace.
In murine typhus the Weil-Felix reaction presents the same characteristics as in the exanthematic form but both OX19 and OX2 are agglutinated in lower titres, the maximum being rarely above 1: 10,000 and usually between : 200 to : 2,000 (Spencer and Maxcy, 1930) . In carrying out the Weil-Felix test it is important to include a known negative serum in order to make certain that the strain of Proteuts used is not spontaneouslv agglutinable.
There are certain other diseases in which a positive Weil-Felix reactioln may be obtained, the most important of which is undulant fever. Kemp, Wright, and Wayne (1933) found that in cases of undulant fever various Proteus strains were agglutinated in titres ranging from 1: 80 to 1: 240, while more recently Foshay (1940) and Calder (1941) have reinvestigated the question and have found that the sera of patients with chronic brucellosis may agglutinate Proteus OX19 in higher dilutions than the homologous Brucella organisms.
Aasorption of such sera with the homologous Brucella strain reduces the titre for Proteus OX19 by a quarter, but after adsorption with Protetus OX19 there is no removal of Brucella agglutinins. There is, of course, no reduction in specific rickettsial agglutinins. Many years ago Nicolle and Comte (1910) observed that serum from a typhus patient agglutinated Br. melitensis while a similar finding was recorded by Zinsser and layne-Jones (1934) . The agglutinins for Br. melitensis, however, disappeared at the time when the Weil-Felix reaction developed. Pinkerton and Henderson (1941) , in one of their cases of toxoplasmosis in man, found agglutinins for Proteus OX19 in tke serum in a dilution of 1: 160. The important point in these cases is that there is no increase in the agglutinin titre with the progress of the disease. This increase is of more importance than the maximum agglutination titre. It must, however, be remembered that in addition to rapid increases there may also be rapid decreases in the agglutinin titre, a finding first noted by Schrotter (1921) and again in Spain by Romero Escacena (1941). It is as well to recall that typhus may cause non-specific increase in the agglutination reactions for typhoid organisms: in these anamestic reactions the increase is almost entirely in the flagellar or H agglutinins.
Apart from the agglutination of Proteus OX19 by the sera of typhus patients it is possible to elicit a specific agglutination of typhus Rickettsia, as first showii by Otto and Dietrich (1917) and Weigl (1923) . Fairly consistent results have been obtained with the sera of patients recovered from exanthematic typhus in Libya by using suspensions of exanthematic typhus Rickettsiae obtained from the yolk sac of developing chick embryos. The conditions for optimal agglutination, the times at which the agglutinins appear or disappear and the maximum titres obtained require further investigation. The same applies to the complement-fixation test. Positive resultshave been obtained with endemic typhus antigens from the yolk sac of chick embryos by Bengtson (1941) and similar results have been obtained with exanthematic typhus Rickettsie obtained from the same tissues. Further studies are in progress.
Attention must also be drawn to another test by which it is possible to demonstrate the existence of rickettsicidal bodies in the sera of persons who have recovered from typhus. Giroud (1938) has shown that when typhus Rickettsixe are injected intradermally into rabbits there occurs a specific nodular reaction in the skin. By mixing dilutions of the serum to be, tested with suspensions of Rickettsiae before intradermal injection it is possible to show the presence in sera from convalescent cases of typhus of rickettsicidal immune bodies as well as the titre of these immune bodies.
(2) Specific treatment.-No chemotherapeutic compound capable of influencing the course of typhus in man or experimentY animals has yet been found. The use of convalescent serum was first suggested by Nicolle and Conseil (1920) who found that 20 c.c of convalescent serum given during the incubation period might produce some attenuation of the disease but was very little good in.the treatment of acute infections, a result recently confirmed by Romero Escacena (1941) in Spain. Later Nicolle and Conseil (1925) suggested the use of sera from donkeys inoculated with infected guineapig brain, while still more recently Durand and Balozet (1940) have used the sera of horses hvperinumunized by repeated injections of mouse lung infected with exanthematic typhus Rickettsiae. A small amount of hyperimmune horse serum is available in this country. Kurotchkin, van der Scheer and Wyckoff (1940) have also prepared a serum in rabbits by injection with egg yolk sac material infected with exanthematic tvphus.
The serum, which can be purified by the same means used in purifying antipneumococcal rabbit serum, has a high neutralizing power when tested in guinea-pigs, but its use in the treatment of human beings has not yet been attempted.
(3) Prophylactic immunization.-The first efforts on a large scale to immunize against typhus were made in Poland by Weigl (1930) ; since then a number of different methods have been suggested. These may be divided into those which employ (a) murine typhus Rickettsiae, (b) exanthematic typhus Rickettsiae. In North Africa living murine typhus Rickettsiae have been used, either after passage through mouse brain and envelopment with eeg yolk (Laigret et al., 1937; Laigret and Durand, 1939) , or after attenuation with bile (Blanc, 1938). Rickettsiae from the faeces of rat fleas have also been used by Blanc and Baltazard (1940) in Morocco.
Although these vaccines have been used on a large scale there are no accurate figures by which to assess their values. In Europeans severe reactions indistinguishable from murine typhus have been recorded. In Spain a living murine typhus virus is reported by Romero Escacena (1941) to have been used on about 500 persons in Seville. Although there was a complete absence of reaction after the injection there was likewise a complete absence of evidence that it in any way influenced the course of the epidemic among the asylum inmates on whom it was used.
Apart from the danger of severe reactions it seems inadvisable to use living murine Rickettsiae in a country where the population is louse-infested, in view of the possibility that after passage through the louse, the murine typhus Rickettsia may be converted into the exanthematic typhus Rickettsiae. Ruiz Castaneda (1941) has proposed the use of a killed vaccine prepared by intranasal instillation of murine typhus Rickettsiae into rats and mice. Since the exact antigenic relationship of murine and exanthematic typhus Rickettsiae is at present unknown, it seems inadvisable to emplov murine Rickettsiae, when a similar vaccine can be prepared from killed exanthematic typhus. Rickettsiae.
The use of killed exanthematic Rickettsiae appears to have been initiated by Da Rocha Lima (1918) , who found that repeated injections of phenolized emulsions of lice infected with classical typhus conferred some degree of immunity.
This. work was continued and extended by Weigl (1930) who used the phenolized intestinal contents of lice infected per rectunm with Rickettsia prowazeki. The method has been used in Poland, Slovakia and Ethiopia and appears to have been of considerable value (Radlo, 1937; Drbohlav, 1938; ' Mariani, 1939) . The serological response of individuals after vaccination by this method has'been studied by Liu, Zia and Wang (1938) . Both the Weil-Felix reactions and specific typhus rickettsial agglutinins were positive in the majority of sera from persons recently vaccinated, but no parallelism or constancy between the titres of the respectiv, antibodies was noted. The rickettsial agglutinins, however, waned more rapidly than the Proteus agglutinins. It seems probable that immunization by this method should be re-undertaken at the beginning of each typhus season. This conclusion has also been reached by Parker (1941) after fifteen years' experience of a Rocky Mountain spotted fever vaccine prepared from the tissues of injected ticks. Apart, however, from the delicate technique of injecting Rickettsiae into the rectums of lice, Weigl's method of immunization implies a large staff of immune persons on whom thelice can be fed while the Rickettsiae are multiplying in the intestines of the lice. Two other methods of vaccinating by killed exanthematic typhus Rickettsiae have been introduced. Durand and Giroud (1940) prepared a formalinized vaccine from the lungs of mice injected intranasally with Rickettsia prowazeki, while Cox and Bell (1939) prepared vaccines from the yolk sacs of developing chick embryos. Neither of these vaccines gives rise to any immediate or remote reaction on injection. Although it is easy to induce immunity in guinea-pigs by the injection of either of these vaccines their application to human immunization has not been exhaustively studied. Investigations are now proceeding on a numnber of volunteers who have been injected with the egg yolk vaccine prepared in various laboratories; of 37 persons who have received injections with one egg yolk vaccine only one has shown any rise in the agglutinins for Proteus OX19 and in specific rickettsial agglutinins, while one serum has shown rickettsicidal bodies when tested intradermally in rabbits by Giroud's method. These poor results combined with the fact that laboratory workers who have been immunized by the egg yolk vaccine have subsequently contracted typhus suggest that further research must be undertaken to determine a satisfactory method of immunization against exanthematic typhus. At present at least three injections of the vaccine must be given, probably at least once a year; a method which will confer' immunity after a single injection would be far preferable.
York.
Discussiont.-Professor P. A. BUXTON said that in a clean community, wxith adequate facilities for washing of the person and of underclothes, the bodv louse could not exist. The body louse was common at present in the tramp community, and he thought it was also more common than was generally suspected in labour camps, among men employed in building jobs and the like, where washing facilities might be small. On the subject of head lice, K. Mellanby had collected statistics which showed that in schoolgirls in cities infestation was as high as 5o%, among boys it was never quite so high, while among adolescents the rate remained high in girls but fell away among boys. Opportunities had recently arisen of collecting data wvith regard to young women going into certain tylpes of emp)loyment, and the results were consistent wvith Mellanby's figures.
There were many cities and industrial areas in this country where the infestation rate of head lice among girls and young women was not far short of 50%/O. The relation of 'the head louse to typhus fever was not known, but the head louse could not be satisfactorily distinguished from the body louse, and it was know-n that they were very closely related. In considering the transmission of typhus the safe line to take wvould be to suppose that the head louse might be dangerous, though perhaps not as dangerous as the body louse.
Dr. FELIX: The previous speakers wN-ere not quite correct in stating that the Protelus OXio reaction appears too late in the disease to be of assistance in the early diagnosis of cases. In fact the reaction is positive in about 75%/o of cases on or before the fourth or fifth day of illness, and the maximum titres reached shortly before or after defervescence are verv high. The remaining 25% of cases showv a significant OXIg reaction about the sixth or seventh day, and the maximum titres reached are low. The latter group comp)rises the most severe cases, including the fatal cases, and the very mild, abortive cases. The type of the curve of agglutinin production is thus related to the clinical course of the disease.
It is also not quite correct to state that the agglutinins disappear too early in convalescence to be of value in the search for missed or abortive cases of typhus. How long after the attack a significant OXi9 titre is found depends on the height of the maximum titre that has been attained during the attack. In most cases a retrospective diagnosis can be made from the agglutination test during three or four months following the attack of typhus. In some cases a significant agglutinin titre persists for much longer time. The OXio reaction also is positive in cases of sb-called unapparent infection, showing no clinical symptoms at all. Such cases are of particular epidemiological importance in countries where typhus is endemic.
I cannot share the pessimistic view expressed by Dr. Findlay with regard to active immunization against louse-horne typhus. There was little doubt that WNTeigl's louse vaccine, made from the dissected guts of infected lice, was an effective immunizing agent. The view has long been held that the virus in the infected louse gut has some peculiar properties which tissue virus from man or-laboratorv animals does not possess. It now appears to be likely that this is due to quantitative rather than qualitative differences, and if this is the case one is justified in expecting further improvement in the methods of growying and preserving Rickettsiax to yield vaccines of an efficacy equal to that of Weigl's louse vaccine.
